We conducted a retrospective chart review at a university hospital on a family that exhibited a rare cause of conductive hearing loss. Four male patients of this family had congenital conductive hearing loss. Th ree of these family members underwent bilateral ossiculoplasty, a father and two of his three sons. All three were found to have mild or moderate conductive hearing loss due to fi xation of the head of the stapes by a bony bar that extended from the head of the stapes to the posterior ear canal wall. Surgical removal of the bony bar improved hearing in all cases. Th is family exhibits autosomal-dominant inheritance of this abnormality. Fixation of the head of the stapes by a bony bar that extends to the posterior ear canal wall is a rare cause of congenital, autosomal-dominant, mild or moderate conductive hearing loss that can be surgically corrected.
Introduction
Th e vast majority of children who present with conductive hearing loss have otitis media with eff usion or recurrent acute otitis media. Children with audiometric evidence of conductive hearing loss who present with normal tympanic membranes and no evidence of middle ear fl uid are uncommon. Th ese children are presumed to have either congenital fi xation or congenital disarticulation of their ossicles.
Teunissen and Cremers reported on 144 ears that underwent surgery for congenital middle ear anomalies. 1 Th eir most common fi nding was stapes ankylosis associated with another congenital ossicular chain anomaly (38%), followed by isolated stapes ankylosis (31%), epitympanic fi xation (14%), congenital aplasia or severe dysplasia of the oval or round window (9%), and discontinuity of the ossicular chain (8%). Albert et al reported a series of 28 patients with isolated stapes ankylosis without other ossicular anomalies; 68% were bilateral and 18% were part of a syndrome, but all patients had normal tympanic membranes. 2 Th ese patients were treated by stapedotomy or partial stapedectomy.
Most cases of stapes fi xation involve fi xation of the footplate. Fixation of the head of the stapes is rare. [3] [4] [5] [6] [7] [8] We report three members of a family who presented with conductive hearing loss caused by a bony bar between the head of the stapes and the posterior ear canal wall (fi gure 1).
Th is study received Institutional Review Board approval.
Patients and methods
Th is report is a retrospective chart review of a family that exhibited a rare cause of congenital ossicular fi xation. Audiometric and operative fi ndings of a father and two sons who presented at an academic medical center are reported.
Th e subjects and other family members had blood analyzed for the NOG gene mutation at the Molecular Otolaryngology Research Laboratories of the University of Iowa. All family members tested were found to be negative for this mutation.
Results

Patient 1 (II-1 on the pedigree chart, fi gure 1).
In August 1998, a nearly 5-year-old patient presented to our facility with a bilateral, mild to moderate conductive hearing loss, with speech reception thresholds (SRTs) of 25 dB on the right and 20 dB on the left . His mother reported that he had had diffi culty hearing since the age of 2 years. Both his father and his paternal grandfather COVIDIEN, COVIDIEN with logo, the Covidien logo and positive results for life are U.S. and/or internationally registered trademarks of Covidien AG. Other brands are trademarks of a Covidien company. ©2010 Covidien. All rights reserved.
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To learn more, contact your Covidien Airway Management Specialist or visit us at www.covidien.com/shiley. an audiogram showed a bilateral conductive hearing loss. We have no explanation for the discrepancy between our audiometric fi ndings and those obtained at the other facility. Additional audiograms at the out-of-state offi ce confi rmed the mild, bilateral conductive hearing loss, with an SRT of 25 dB on the right and 20 dB on the left , but with pure tones down to 35 to 40 dB at 250 Hz.
Th e patient underwent ossiculoplasty in the left ear at another institution on December 24, 2003. Th e surgeon had been in contact with the senior author and was aware of the potential operative fi ndings. Th is ear exhibited a bony bar connecting the head of the stapes with the posterior ear canal wall. Th e surgeon removed the bony bar. On November 9, 2004, this child underwent ossiculoplasty on the right ear at our institution. Th e ossicular chain of the right ear was immobile due to a bony bar extending from the posterior bony ear canal to the neck of the stapes (fi gure 2, A). Th e bony bar was removed (fi gure 2, B), and the ossicular chain became mobile. Th is patient's latest postoperative audiogram showed normal hearing of 10 dB on the right and 15dB on the left , with closure of the air-bone gaps. Table 1 shows the operative fi ndings from the six surgeries the patients 1 through 3 underwent.
Patient 4 (II-3). On December 14, 2007, another brother of the original patient presented to our facility at the age of 5 years. He had experienced numerous cardiac problems and had a pacemaker. His tympanic mem-were reported to have lifelong hearing diffi culties. He was healthy other than a history of middle ear infections, and he was scheduled for ventilation tube placement at an outside facility.
Th e patient underwent myringotomy, but his middle ears were found to be free of fl uid, and tube placement was aborted. On August 11, 1998 , he underwent ossiculoplasty of the right ear, with fi ndings of a bony half-shell covering the stapes tendon and causing fi xation of the stapes. It appeared that the pyramidal process extended all the way to the head of the stapes. Th e bony shell covering the stapes tendon was removed back to the pyramidal eminence with a pick, resulting in normal mobility with palpation.
On September 21, 1999, ossiculoplasty was performed in the left ear. A bony bar was identifi ed that was connecting the posterior ear canal wall to the head of the stapes. Th is bar did not cover the stapes tendon but was lying slightly superior to it. An angled pick was used to remove the bar of bone. Following this maneuver, the ossicular chain was noted to be mobile. Postoperative audiometry showed closure of the air-bone gaps in both ears.
Patient 2 (I-1). In March 2002 we evaluated the fi rst patient's 35-year old father and found that he had a bilateral, moderate mixed hearing loss with air-bone gaps of 25 to 35 dB in the speech frequencies and an SRT of 45 dB in both ears. He confi rmed that his father, and perhaps his grandfather, had lifelong hearing diffi culties.
On May 24, 2002, this patient underwent ossiculoplasty on the left ear. A bony bar was noted between the posterior ear canal and the neck of the stapes. Th is bony bar was separate from the normal-appearing stapes tendon. Aft er this bony bar was gently removed, the mobility of the stapes was dramatically improved.
On July 24, 2002, the patient underwent ossiculoplasty on the right ear. Th e pyramidal eminence was identifi ed but the stapes tendon was absent. A fairly thin, half-pipe-shaped bone extended from the posterior ear canal wall to the head of the stapes. Aft er this plate of bone was removed, the ossicles exhibited improved mobility but did not seem to be quite as mobile as in a normal ear. Th e postoperative audiogram showed improvement in hearing to 15 dB in each ear with closure of the air-bone gaps.
Patient 3 (II-2) . In June 2002, the 5-year-old brother of the original patient presented with right-sided conductive hearing loss, which was confi rmed by audiometry. His parents were separated, and 17 months later, his mother took him for evaluation in another state, where 
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branes were normal. Audiometry showed SRTs of 15 dB bilaterally with type A tympanograms, but pure-tone testing could not be performed.
Discussion
Th is report describes a family with hereditary congenital conductive hearing loss caused by fi xation of the head of the stapes.
With the aid of genetic testing, we determined that this family was negative for mutation in the NOG gene. Surgical treatment was successful in the six ears that underwent surgery, with complete closure of air-bone gaps. Th is family presents no other obvious patterns of congenital abnormalities, although the youngest child, who presumably does not have a conductive hearing loss, does exhibit multiple cardiac anomalies. Table 2 lists the 8 similar cases described in six reports over the past 50 years. Six of the 8 cases described bilateral fi ndings that were identical in each case. Two reports listed 2 cases each; one was a mother-daughter pair in which the daughter showed normal hearing in one ear, and the other described a pair of siblings.
In the fi rst reported case, Schuknecht and Trupiano described a 55-year-old woman with progressive unilateral hearing loss over a 12-year period. 3 Th is might have been a manifestation of tympanosclerosis rather than congenital fi xation of the stapes.
Patients in the previously reported cases either had a bony bar extending from the posterior ear canal wall to the head of the stapes or calcifi cation along the stapes tendon. Some ears had a bony bar covering the stapes tendon, while other ears exhibited a separate bar of bone extending from the posterior bony ear canal parallel to, but not covering, the stapes tendon. In 1 ear, the stapes tendon was absent. Our 6 ears had some variation in operative fi ndings (table 1) .
Th ree other reports describe fi xation of the stapes superstructure, but these cases exhibited a monopod superstructure. 9-11 Nandapalan and Tos described fi xation of a monocrural stapes to the promontory. 9 Hara et al operated on 4 patients spanning two generations of a Japanese family that exhibited fi xation by a bony bar extending from the pyramidal process to the head of the stapes; in each case, there was a normal stapedius tendon but with a monopod stapes superstructure. 10 Fourteen members of this family spanning three generations underwent audiometry, with 10 members exhibiting conductive hearing loss. Doi et al described another Japanese family spanning three generations that exhibited conductive hearing loss. 11 Th ree of their patients underwent bilateral ossiculoplasty with fi ndings identical to those of Hara's patients, with a bony bar extending from the pyramidal eminence to the head of the stapes with a monopod stapes in each case. In conclusion, we have described a father and two sons with congenital autosomal-dominant inheritance of an anomaly that presented with a mild to moderate, bilateral conductive hearing loss. Th e hearing loss was improved by removal of the bony bar that was fi xating the stapes to the posterior bony ear canal wall.
